Abstract. In this study, the existence of multiple bubbles in 15 selected countries is researched by means of the GSADF unit root test developed by Phillips, Shi, and Yu (2015) . The data set consists of a weighted average of the monthly price/earnings ratios with the different start dates for countries whose data could accessed. As a result of the conducted analysis, the existence of multiple bubbles was detected for all the countries examined. The results demonstrate that bubbles in stock markets occur before the local and global crisis periods. We therefore conclude that the GSADF method may be used as one of the early warning systems of a financial crisis. It is significant for policymakers and investors to know these signs in terms of financial stability and profitable investments.
Introduction
Traditionally, under rational expectations and the rational behaviors of market factors, assets are priced appropriately in terms of real value. However, many recent studies have proven that the price dynamics of assets can include foams, and excessive volatility in price behavior can occur due to these foams (Al-Anaswah and Wilfling 2011: 1073) . In this context, stock prices are an important economic indicator if the markets are effective. However, if the markets are affected by the actions of speculative traders, it is possible that the problems are unfolding. Because speculators, as financial actors benefiting from the movements of price increases and decreases, are up for creating bubbles (Mokhtar 2006: 103) . In such a case, probable deviations from the core values indicate that the markets have lost their effectiveness and that there are bubbles in these markets (Çağlı and Mandacı 2017: 64) .
Bubbles can be classified according to three different categories. Accordingly, bubbles are defined as internal and external bubbles, rational and irrational bubbles, and finally, explosive and non-explosive bubbles (Yuhn et al. 2015: 256) . Internal bubbles are presented as bubbles following the principals of an effective market, which change in parallel with market factors; external bubbles are formed by influencing psychological factors and are considered as the representatives of behavioral finance flows (Arshanapalli and Nelson 2016: 29) . According to the second categorization, rational bubbles are the result of rational expectations, while irrational bubbles are the result of the irrational behavior of the traders. According to the third and final categorization, the explosive properties of explosive bubbles are high, while non-explosive bubbles are bubbles that apparently foam but are not explosive (Yuhn et al. 2015: 256) .
One of the oldest-known bubbles is the Tulip Mania, or the Tulip Bubble, that occurred in the Netherlands in 1637. During this period, the prices of tulip bulbs in the Netherlands soared so much that a skilled craftsman was able to increase his income tenfold by receiving contracts based on tulips. The Mississippi Bubble (1927) , the Asian Countries Estate and the Stock Bubble (1992 Bubble ( -1997 , the Dot-Com Bubble (the Internet Bubble) at the end of the 1990s, the Mortgage Housing Bubble (2008 Bubble ( -2012 , and the Greek Government Debt Crisis (2011) are among the most important bubble examples in history.
The aim of this study is to test the existence of bubbles in some selected countries where the price earnings can be accessed accurately. For this purpose, analyses were carried out by means of the GSADF unit root test. A literature review of the studies focused on bubble testing, an explanation of the econometric method used, data, and the empirical findings are presented in the following parts of the paper.
Literature review
According to a review of relevant literature, the study by Diba and Grossman (1985) is one of the pioneering works examining the existence of stock market bubbles. The researchers, using the Dickey-Fuller (DF) test, found no financial bubbles in their study. On the other hand, Evans (1991) found that bubbles may occur periodically rather than at all times. In another study, Charemze and Deadman (1995) , examining the non-linearity of the bubbles, detected findings that prove that bubbles could emerge periodically rather than reaching any judgment for the whole time period studied, such as in unit root tests.
In a study of the basic level ADF and KPSS unit root tests, Juntilla (2003) identified the presence of bubbles in the information technology sector in the Finnish stock market. These findings are valid for the monthly data of the 1997-2000 period. Hom and Breitung (2012) Ahmed et al. (2010) have tried to identify nonlinear speculative bubbles using the Hamiltonian regime switch and a rescaled interval analysis in their study of 27 developing countries for the 1990-2006 period. According to the findings, the presence of bubbles was observed in 22 countries. Anderson et al. (2010) , using Markov regime switching models, found that the presence of bubbles shows sectoral differences in the S&P 500 index. In another study using Markov models, Al-Anaswah and Wilfling (2011) found that the presence of bubbles is valid for speculative periods for the United States, Brazil, Indonesia, Malaysia, and Japan. Balcilar et al. (2016) used the Markov regime switching models in their study and found speculative bubbles in the South African Johannesburg stock market.
Chen and Quan (2013) used traditional PP and KPSS unit root tests and Engel-Granger and Johansen cointegration tests to investigate the presence of bubbles in Asian countries. As a result of studying different data ranges, the presence of bubbles for the Japanese, Singaporean, Korean, Taiwanese, Thai, Malaysian, Indonesian, and the Philippine stock markets was determined, while the analysis showed no bubbles in the Hong Kong Stock Market. Bozoklu and Zeren (2013) studied the presence of rational bubbles in Turkish markets using a hidden cointegration technique. According to the findings, it has been determined that there is a cointegration relation between the price index and the return index and that there accordingly are no rational bubbles. Yuhn et al. (2015) report the results of studying three major events on the US market (Black Monday (1987) , the Information Technology Explosion (2000), and the Housing Market Explosion (2008)). The results show that bubbles for the S&P are only observed during the Mortgage Housing Crisis, while bubbles in prices for the NASDAQ index are observed for the Black Monday and the Housing Crisis periods. In this study, traditional PP unit root and Johansen cointegration tests were used. Chen et al. (2016) examined whether the bubbles are seen periodically in the United States, Belgium, Denmark, and Finland with the help of MTAR and LNV-MTAR models. The findings found no bubbles in the stock markets of these countries. Chang et al. (2015) examined the presence of multiple bubbles by using the GSADF unit root (2013) test in their study of BRICS stock markets. As a result of the study, in which the monthly data are used for the share prices and the profit share distribution ratios, it has been understood that the bubbles in the stock markets of these countries have occurred in the case of specific events. Chang and Cai (2016) also obtained similar findings for the Shanghai and Shenzhen markets using the GSADF method. Liu et al. (2016) used the SADF (2011) and GSADF (2013) tests in their study of the Shanghai market. According to the SADF test, only one bubble can be mentioned, while two bubbles were detected with the GSADF test in the period of 2014-2015 and the period of the mortgage crisis. In another study where the SADF and GSADF tests were used, Arshanapalli and Nelson (2016) examined the S&P 500 index for the 1960-2014 period. According to the conducted analyses, the SADF test showed no multiple bubbles, while the GSADF test showed that bubbles were observed in 1974 and 1987 . Hu and Oxley (2017 investigate the price movements of southern seafarers in the United States by using the GSADF test. The results of the study determined the presence financial bubbles in the prices of the mentioned firms. The study by Çağlı and Mandacı (2017) examines the different sectors of the Istanbul Stock Market using the GASDF test and identifies the existence of rational bubbles.
A summary of the studies described up to this point is presented in Table 1 : When the studies were examined, the surplus of applications on the S&P 500 became noteworthy. In terms of methodology, methods such as Cointegration and the Markov Regime Change model are mainly used until the year 2010, and after that, the findings obtained with the new generation of unit root tests used in bubble detection, such as SADF, RADF, and GSADF, are becoming more prevalent.
However, in determining critical values, the method developed by Harvey et al. (2016) , which processes data by taking all kinds of variance problems into account, has been seen on any work done with the SADF, RADF GASDF tests. In this paper, the Harvey et al. (2016) method, used with the GSADF test, is a sufficient method to detect multiple bubbles. This situation point outs the specificity of the study when compared with the previous studies.
Econometric methodology
The discovery of speculative bubbles in stock prices is seen as a challenging process in studies using long-term historical data. One way to determine the presence of a bubble in a market is to test the stability of the stock prices. This situation has prompted researchers to seek new methods to determine if this ratio is stationary. In this context, unit root tests using autoregressive models are widely used to determine if a series is stationary. To do this, the first method used is the simplest traditional, left-tailed Dickey Fuller test (DF), which realizes a first-order autoregressive AR estimation.
If, according to this model, the residuals in the autoregressive model from the first order are still related, the test can be extended with Δ Pt-1 for autoregressive processes at the high level.
On the contrary, the right-tailed SADF unit root test proposed by Phillips et al. is based on the following regression when evaluated in the context of the DF test:
The H 0 hypothesis represents the absence of a unit root and bubble, while the H 1 alternative hypothesis represents explosive behavior or bubble presence.
The SADF test performs a hypothesis test based on the secondary value of the ADF statistical series by repeatedly estimating the ADF model over a series of forward-expanding samples.
The window size (rw) is spreading from r0 to 1. Here, r0 is the smallest sample window, while 1 is the largest sample window, tellingly the total sample size. R1, the starting point of the sample directory, is fixed at "0." Thus, the end point of each sample, r2, is equal to rw, and r1 changes from r0 to 1. Here is the ADF statistic of a sample running from 0 to r2: Phillips et al. (2011) repeatedly apply the right-tailed ADF test to a forward-spreading sample sequence and infer from the critical value of the corresponding ADF statistical sequence. Thus, the SADF test of Phillips et al. (2011) appears to significantly increase its power compared to tests investigating the presence of traditional, cointegration-based bubbles. This test also provides a timing strategy for the identification of bubble formation and termination points.
The SADF test seems to be inconsistent and insufficient to elicit the presence of bubbles when used in an analysis of long-time series and rapidly changing market data. The cause of this is that the SADF test can detect only one bubble. If there is more than one bubble in the examined data range, the SADF test remains incapable. In order to come up with this deficiency of the SADF test, a new approach has also been proposed by Phillips et al. (2015) -the generalized sub-ADF (GSADF) test.
The GSADF test is based on a repeatedly applied right-tailed ADF test as in the SADF test. However, the sample sequence of the GSADF test is based on a wider and more flexible range. Instead of fixing the initial observation of the sample in the GSADF test, the starting and ending points of the sample are spread over the possible and flexible window. Besides, the GSADF is a sufficient method for detecting multiple bubbles. This test takes structural breaks and non-linearity into account (Çağlı and Mandacı 2017: 66) .
The sample index in the SADF and GSADF tests is designed to capture the explosive behavior seen in the entire sample and to ensure that there is sufficient observation for initiating self-renewal. For this reason, the GSADF test includes more sub-examples of the data and has greater window flexibility. For this reason, it is a more effective method for revealing explosive behaviors in big data.
The main idea of the GSADF test is based on the repeated application of the ADF test regression to a sample sequence, as in the SADF test. However, the sample index of the GSADF test is an expanded version of the SADF test's sample index. The GSADF allows the test start points (r1) to change within a possible range (from 0 to r2-r0), while the end point of the regression changes from r2 to r0 to 1. Sample sequences of the SADF and GSADF tests are shown in Figure 1 . According to Phillips et al. (2015) , GSADF is defined as:
Similar to the SADF statistic, the smallest window size in the asymptotic GSADF distribution depends on r0. In practice, the deciding factor should be based on "T," the total number of observations of r0. If the "T" is small; r0 should be chosen to be large enough to ensure that sufficient initial observations can be made. If "T" is greater, r0 can be set to a smaller value so as not to overlook any early explosive event.
The GSADF test is a time-varying RADF test with a double-support window selection system. Unlike the SADF test developed by Phillips et al., a window size is selected using the double support window selection system, and the ADF test is applied to sample the indexes in a window frame feature that progressively moves up to the last sampling.
The SADF test is inadequate in locating bubbles when there is a collapse at sample boundaries and where multiple excesses are involved. The GSADF test is also effective in locating bubbles in such cases; it is also good at providing significant advantages in long-running series (Zeren and Ergüzel 2015: 45) .
In the determination of critical values, the method developed by Harvey et al. (2016) , which processes data by taking all kinds of variance problems into account, has been followed.
Data and empirical findings
The study used a weighted average of price/earnings ratios on a monthly basis, consisting of different start dates for 15 countries whose data were accessed accurately to determine whether bubbles were formed in stock prices. The earliest start date is January 1991, and the latest end date is September 2017 for all countries excluding the DAX stock market in Germany. The data ranges used for the mentioned stock markets are presented in Table 2 . -1994 / 09-2017 All the data were accessed from www.datastream.com, and Eviews 10 packaged software was used for the analyses. The GSADF test, developed by Phillips et al. (2015) , was used to identify the financial bubbles. The minimum window size was calculated using the formula . The method developed by Harvey et al. (2016) , which processes data by taking all kinds of variance problems into account, has been followed in the determination of critical values. A bootstrap simulation was performed with 2000 repetitions. In addition, due to the trendy course in the prices, the analysis results were obtained on fixed and trendy model. The results of the GSADF test are presented in Table  3 and Figures 2-16. In these figures, while the GSADF values bigger than the GSADF Critical Values indicate the existence of bubbles, the GSADF values that appear less than the GSADF critical values show no existence of bubbles. According to the obtained results, it was determined that the bubbles occurred before economic and financial crisis periods for almost all countries. The best evidence for this result is the presence of a price bubble in nearly all countries before the 2008 economic crisis. The aforementioned bubble spanned more than three to four years in some countries in the aftermath of the mortgage crisis while being shorter for other countries. On the other hand, the bubbles were seen as appearing in the South Korean, Chinese, Philippine, and Indian stock markets before the 1997 East Asian Financial Crisis. The effects of the debt crisis, which had started in some EU member countries since the end of 2009, are also reflected in the findings of the Spanish stock market, as can be seen in Figure 8 . On the other hand, Greece, Portugal, and Ireland, which are not able to pay their debts as part of the European debt crisis, are not included in this study as the respective price/earnings data cannot be accessed accurately.
Apart from this, price bubbles can be seen to occur in the context of local crises. For example, during the 2000-2001 period, which is known as the Twin Crises, serious price bubbles in the markets of Turkey can be clearly seen in Figure 16 . Similarly, the Dot-Com crisis in the United States, which spanned the period of 2000 to 2002, is visibly reflected in Figure 15 .
Concluding remarks
Financial bubbles have been an important research topic throughout history, starting with the well-known Tulip Mania to the devastating Mortgage Crisis. These bubbles are used to forecast financial crises, because the persistence of the financial bubbles results in financial crises. In this study, the presence of multiple price bubbles in the primary stock markets of 15 countries is examined using a generalized sub-ADF test that was introduced by Phillips et al. (2015) . A method developed by Harvey et al. (2016) , which processes data by taking all kinds of variance problems into account, has been followed in the determination of critical values. Using the GSADF test ,we can not only identify the multiple bubbles but also the starting and ending dates of the bubble periods. Our usage of the Harvey et al. (2016) method in particular emphasizes the specificity of this paper when compared to previous studies, because other papers use traditional methods in determining critical values.
The obtained results show that multiple price bubbles exist in the stock markets. The date ranges of these bubbles indicate the local and global financial crises, particularly the bubbles in almost all the stock markets before the 2008 Financial Crisis. On the other hand, our test results show the effect of bubbles in the stock markets of China, Egypt, the Philippines, and South Korea before the 1997 Asian financial crisis. When we focus on the effects of local financial crises, we are able to observe bubbles in the Turkish stock market before the Turkish 2000-01 Banking Crisis period and in the stock market of USA before the 2000-2002 Dot-Com Crisis period.
The close relationship shared between stock market bubbles and financial crises is based on severe price declines following the disappearance of price bubbles. According to the findings, bubbles are one of important estimators of financial crises. This is because bubbles cause financial and macroeconomic instability. Moreover, many financial crises arise after the bubbles have occurred. In this context, the newest bubble testing GSADF method, which can accurately determine multiple bubbles, may be among the earliest warning systems of an impending financial crisis. It is important for policymakers, governments, and investors to know these signs in order to ensure financial stability, take measures against any possible financial crises, and conduct profitable investments. In addition, it has been proved that in periods when stock price bubbles occur, the effective market hypothesis is proved to fall short.
The findings of this study are similar to those of Evans (1991) , Charemze and Deadman (1995), which used different techniques, and Chang et al. (2015) , which used the GSADF method. Future studies could provide investors with both firm-and sector-based ideas by using firm-and sector-based price/earnings data. Thus, investors may have the opportunity to create more optimal portfolios.
